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-~ . The objectives of the research conducted under the auspices- of this - :
- grant were to study ‘transitions-from pre-operational to concrete operational .
forms- of spatial imagery, to.compare results from spatial imagery studies
. based _on open-ended measures such as drawings with results based on reaction-
el ‘time-measures, and to study anticipatoryimagery in the contexts of memory .
o ‘ and problem-formulative anticipation. Background information and data presenta- . .
’ - tions in this report are organized pround these threg’objectives, N :

II; ‘Transitions‘in the development of:sbaiﬁar‘imégggx. _ ; L ‘i,ﬂ“, E »

.

- In Piagetian research, "tasks in which children judge a transformation
- performed by an experimenter (e.g. conservation tasks) or. manipulate objects
" to obtain,a given result‘(e.g. seriation, classification, measurement tasks, *
etc.) are %Sign'ated noperations” tasks, and are presumed to measure the
structure of children's knowledge' in a given-domain. For exgmple, children ¢
who judge that the length:of a stick becomes longer after it is displaced S
from left to right are said to‘use one-way, or' frreversible logic, since
their judgment suggests a lack of understanding of compensatory or inverse
relations between the starting and end-state of the displacement. A second
~ type of-task used in Piagetian research has .been designated an "imaging" task
~  (piaget & Inhelder, 1971) and requires children to mentally construct a-stip-
ulated sequence.of actions on an object(s). For example, children might be
asked to imagine how a stick would appear during and after its displacement
from left to right. InPiaget and Inhelder's (1971) view, imaging tasks dif-
* fer from operations tasks primarily in the degree to which mental anticipa-
~tion is required, but are similar to each other in the structure of knowledge
- required to achieve a correct solution.~ In-the example of the displaced stick,
Piaget and Inhelder's hypothesis is that an accurate image of the displacement
depends on children's knowledge of. compensatory relations between spaces va- oo
cated and newly occupied by the moving stick. Support for this hypothesis has
been provided in studies showing that non-conserving children typically repre-.
sent a change in the stick's length in their images of the displacement, while
canservers maintain the stick's length while representing changes in its posi-~
tion (Dean 1976; 1979a; Piaget & Inhelder 1971; Youniss,& Dean 1974). -
Lo . L

-

A review of’findfngs‘from Piagetian imagery studies suggests ‘the following
developmental ppegression. Children younger thagp roughly five or six years of
“age (with ages/varying: depending on the task and characteristics of the subject
population arg typically unable to predict the form of movements, transforma-
tion or their end-states. 'The label that has been-given to children's imagery
at this level is “"static* (Piaget & Inhelder 1971), although it is not the case
that no change is reflected. On the contrary, *static" images most typically
reveal "maintaining" errors (DeLisi, Locker & Youniss 1976; DeLisi & McGilli-
‘cuddy-DelLisi, note #2), in which some features of initial states that should be
.changed in the transformation are maintained, while others features that should
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" pe maintained.are changed.. A maintaining error’in the.precgding~conseriation'
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of ‘length-example is f8i1ing to change the position of one end of the stick
‘while changing the position of the other end, and in the process, changing .
“the stick's<length. Maintaining errors arefound predominantly in the imaginal -
productions,of children using preoperatory reasoning on_operations tasks -
" (Dean 1976,%1979a; Piaget and Inhelder 1971 Youniss-and Dean 1974). 7 This .-
" retation between children's pre-operational reasoning and maintaining‘errors,f
" in imagery has been. observed both when the structure of -children's imagery =
_has been analyzed (Dean 1976; Piaget and Inhelder 1971) and -when children's

imaging précesses or strategjes‘have been measured (Dean 1979b; McGillicuddyi .

' pevejopmental improvements occur first in the spatial cpncept domain as C
¢hildren begin to.apply reversible logic in ‘judging transformations on opera-
“tions tasks. These changes- are_followed by a restructuring of children's
imagery. Maintaining errors no longer occur, and children can construct se- -

- ?uences of intervening and end-states-defining’movements'and“transformations

Dean 1976, 1979a; Piaget and Inhelder, 1871).

,P1égéta$nd Inhelder haVe'admifted thaf thére are problems with this pro- *

posed sequence. A-major problem is that”in some experiments in their research,

~ children have correctly fmagined end-states of stipulated action sequences
without apparent understanding or ability to imagine the form of the action
sequepce itself. Similar types of imaging performances were observed in Dedn
(1976) and Youniss and Dean (1974).- One example of vstate-to-state" {magery is
children’s performances on Piaget and Inhelder's wire arc transformation task.
Some children maintained. the original length of the arc's. chord throughout their
drawings of a series of. progressively flattening intervening states, but drew .
the length of the wire in its straight-1ine end-state correctly. Since Piaget
and ‘Inhelder (1971) haye proposed -that children's imaginal constructions of end-

States derive from transforming processes based on knowledge of spatial relation-

ships, it is not clear from their position how end-state images are derived a-
part from these transforming processes. - v S
Piaget.and Inhelder have argued .that "state-to-state” images do not consti-
tute true imaginal changes of state, but are reproductions of static_configura-
tions experienced by children in their daily lives.  Further, they have asserted
that end-state images do not lead to a better understanding .of the preceding
~ action sequerice, since children who generage’ correct end-states images still do .
" not understand the transformation. ' . : ‘ ' .
. o ‘

The second of these arguments is circular, while the first is inconsistent
‘with Piaget and Inhelder's %1973) own position regarding children's memory for
static configurations. In this view, even memor$ for static states is influenced
by the child's level of understanding of the transformations that produce the
stgtes. For instance, children's reproductions of an ordered series of sticks

- varied depending upon their own methods of serfating sticks. In sum, the pheno-
menon of state-to-state imagery is inconsistent with Piaget and Inhelder's posi-
tion regarding the developmental basis of 1magery,developmént.‘and.their alter-
native exglanations seem inadequate for reconciling the phenomenon of state-to-
state imaging with-their positiod> -
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. This inconsistency between observed "state-to-state" Tmages and
-~ '~ Piaget and Infelder's argument that true end-state images depend on under-
o standing of and imaginal production of preceding states could be ‘resolved
af statelto-state'imagery‘were,shown'to,befa manifestation of children's
operatory intelligence in the transition between the pre-operational and
© - cancrete operational-periods. Several researchers. in fakt, have concluded
- that orie characteristic of children's -thought in the transitional period is
the ability to make accurate inferences or predictiors on the basis of cor- .~
respondences between states, rather than on the basis of the transformation. o7
of one state into anotheér. Gelman (1978), for example, reported that pre- :
. schoolers-can sometimes arrive at.a correct solution‘to a number .conserva-
' tion task by counting the numbers of objects in each set before and after ..
. a'spatial transformation of .one set. This contrasts with the typical be-- . =~
L ';havior'of-o]der‘chilﬁﬁen who reason on the basis of the transformation.
.. ‘Brown and French (1976) veported that children given the beginning of a nar-
.- - rative story can often provide a reasonabte conclusjon but have more trouble
. . . supplying causes for outcomes, a .task which presuppdses an understanding of
" the -transformation itself. Youniss and Dennison {1971), demonstrated that
some children can make correct inferences about size relations on the basis
of figurative cues associated with the terms to-be-compared, but.not on the
basis of a 'common middle term which would require reversible logic. A Y
stress on the .functignal role of state-to-state reasoning in the development
of subsequent :cognitive transformations was in fact implied by Piaget in a
. statement regarding:the development of conservation concepts: ("The child) .
- must first discover the correspondence between two states in order-to make
.« - comparisons, and this has -to, precede any transformations, any working of
. changes on these fixed states" (Piagét' 1975, cited in Gelman 1978, p.. 302).

"' A. Children's precoéiohs'dnticipatqry images of end-states.’

' Piaget's revised theory makes three predictions about children's per-

formances on anticipatory imagery tasks. The first is that some children

" will-use a figupative matching process- to construct anticipated.end states -
of ‘movements. The second is that these children will be 1ntermed1a;2 in age. -

between those who anticipate end states by imaging a prior movement And those
. who are unable to anticipate end states.. This prediction follows ffom Pia-
o - get's supposition that figural construction of end states constitutes a neces-
sary precursor of operational state construction. ‘The third:is that accurate
judgments on a conservation task will be made both by children who imagine .

movements and children who construct end states by a figurative matching pro-
le -

cess, but that incorrect judgments will be made by children who are uria
' to anticipate end states of movements. This prediction follows from Piaget's -
~ hypothesis that children can both anticipate the epd states of a movement and
evaluate the equivalence of objects in a movement's end state by either a
figurative matching process or by operatiopal deduction. , _

b _ The pfeséht'study tested these predictions on two anticipatory.'imageky
~ tasks amd'a standard- conservation task. On a retognition imaging task, chil-

dren evaluated films on the-basis of whether they accurately depicted“the Jeft-
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to-right-transposition movement -of, a stick. Incorrect fiTms showed the =

. stick changing length during movement -and efther ending a different length

than in the starting state or ehding the same length as in the starting .-
state (-1-E,%nd -I+E). On a production imaging ‘task, children manipula-
ted slats in opposite sides of a board -that controlled the Tength and po-.
sition of & black strip exposed to view. The strip was described as're-

" presenting an actual black stick. ~ On different: trials, children were told _

to (a) make the black "stick" get longer (or shorter), (b).show how the
black sstick would look-after it moved to the right, of (c) show how the
black stick would look while it was moving. . . * L , ;
“Three patterns of performance on the .two imaging tasks were predic-
ted.  (a) The mos¢“primitive pattern was expected to reflect some chjl-
dren's conceptual understanding of movement as a change in the order of an

object's end points (Piaget, Inhelder, & Szeminska 1960).. Since all films
“on the recognitjon task -showed such a change, it wag ariticipated that these

children would judge all films as correct instancés of a "movement." A .
comparable performance ‘on,the production task wouid be. to ‘respond tq all
three sets of instructions by changing the length of the stick. (b) The
second predicted pattern was derived from -the hypothesis- that seme children
anticipate end states of movements by a figurative matching process. On '
the recognition task, it was.expected that these children would judge as

= correct all films showinghstiCKS'wi&ﬁfequiValent lengths in the starting and

gnd states. -On the production task,
- ‘would accurately construct. the stick in a. new end-state position by succes-

it was expected, that these children -

sively adjusting the sTats-until the strip was the same length as in the in-
itial state. (c) The developmentally most~advanced pattern wss predicated:
on the hypothesis that some children anticipate end states as the direct out--
come of a movement.. .These children were expected tg judge as correct only
films showing the stick's length maintained throughout the movement on the

recoghition task and sto coordinate manipulations of opposing slats on th

3

- production task to]represent-the movement of ‘the black stick. . e

[

A total of 65 Caucasdan middie1bfass-bostand girTS'dftending a sum-

- mer day camp, in New Orleans, Louisiana, were tested. They ranged in age -
~from 4-6 to 7-8 years. ' T Co S T

'

_‘The data from this study supported éiaéet's‘(le?) hypotheSis that .

some children imagine end states of movement by mentally constructing an ob-

Ject which corresponds figuratively to the same object. in its. initial state.
Indirect evidence for the hypothesis was provided b thildren's judgments on
the recognition-imaging task. On this task, a grou gf children said that
films showing a stick increasing and decreasing in ¥ngth as it moved, but
ending the same length as'in the initial state, correctly represented the
‘transverse movement of a real stick. Conversely, they.said that films ending .
longer or shorter in the final state of movement did not correctly show how

%3 real stick would Took when it moved. . These judgments indicate that the

primary.basis for their evaluation was the appearance of the stick in the end
state, rather than the form of‘the»preceding movement. S S

. More direct evidence for the’ figurative matching process was obtained
on the productiqn imaging task. Children performing on this task.had to move .

.
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* jnitial and final state positi

- aging anticipated end states. This prediction fo
~ position that figurative matching is a process t

slats .at opposite sides of a board that controlled the amount df}b]épk
strip exposed to view. The strip represented a real cardboard stick used
in a preliminary’ phase of “the study. . When the movements of both slats

~ ‘were coordinated--that is, when both slats were moved simultaneously in

the same direction at the same speed--an impression of a transverse move-
ment in the black:stick was created. However, when children who judged
f£ilms on the recognition task by the quality of the depicted end state - .
were instructed to represent a mpvement®of the black stick on, the produc-
‘tion task, they moved the two slats one i}fa/fime'until,the board showed
a black stick in a néw locatidn that corresponded in length t the orig- °
inal black stick. “The correspondence between children's resp nses- to in-
structions to show a movement and to show an end state suggests that the
two sets of instructions .were intgrpreted synonymously. Both movement
and end states. were constructed a- process of successive slat adjust-
ments that achieved a figurati

"correspondence between the stick in its
1s. These children's pesformances on the.
production imaging task thus' corroborated the interpretation of their

.recognition task-performances, B

The prediction that children who used a figurative matching pro- -\
cess to compare and produce end states of movement would be midway in age tff
between those who used ap operatfonal process and those could use neither -
process was supported by ‘the finding of a significant correlation between
children's ages and imaging task performances. Although there was over-
.1ap :among the ages of children in the. three imaging task performance
groups, children. who on the average were the oldest in the sample evalu-
ated films on the basis of the quality of the depicted movement on the
production task and coordinated the movement of the opposing slats to show
a moving stick. Childrén who were the youngest said that sticks becoming
and ending longér (or shorter) in the films represented the movement of a.
real stick and actually lengthened or shortened the stick in movement, end-
state, 'and length-change conditios of the production task. :

The third prediction from Piaget's (19779 theory was that correct .
conservation of length judgments would be made by children who could use
either.a figurative matching or operatipnal construct-ion process for im- °

t<I]ow'ed from Piaget's sup-

hat can be used effectively
in comparing initial and final.states in a standard -1ength-conservation
‘task. Chi-square analyses of the relation between' judgment and imaging
task performances s:éported this prediction. An additional indication that
children used different processes for making correct decisions on the con-
servation task was -their explanationss .Children who used a figurative
matching process on imaging tasks predominantly said that the transposed
stick's length was conserved because "You moved it" or because "They look

" the same” (referring to the stick's relation to the stationary stick). In

contrast, children who correctly evaluated and produced movement on imaging

. tasks gave explanations like "Both ends- moved together" or “Cardboard

doesn't stretch like a rubber band." Although comprehensible explanations
could be elicited from only 67% of children who made correct conservation
judgments, these'examp1e§/§uggest~that'chi]dnen in the more advanced im-

‘aging_group.were,considering.critical properties of the stick's movement

9
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e or physical'prOpérties-df'tHe stick as” they might; be éffgcted~by‘mOVémént,
- - while children at the intermediate level were inveking perceptual..reasons
or simply restating the fact of the stick's movement. ‘

’

LR " . The argument thus far has been that children's performances on the -
recognition and production imaging tasks reflect their conceptual under-

~ standing of movement. However, there are three alternative explanations

o ~ for younger children's performances on the production task that should be
. : considered. One is that children in group III- thought they were supposed

B to produce an actual movement of a slat on the board, rather.than an ap-

- parent movement of the black stick. - This explanation, however, is incon-

- sistent with the finding that group” I1I children's strategies when instruc-
ted to produgq_a length change wer identical with their strategies when °

) instructed "to produce a ovement ‘or an end state. It is also inconsistent

.. . ‘with the finding that group III children's.performances on the production
task corresponded qualitatively to their performances on the recognition.

- task. "The second explanation is.that younger children were too motorically
inept. to coordinateQng simul taneous movemerit of two slats required to :
represent “"movement." ~ However, 25% of group III and 30% of group II chil-
dren. used a simultanéous-move strategy in the length-change condition. '

* Finally, it might be .argued that younger children were simply playing with

~~- /‘

- .

, the board, rather than moving slats strategically. However, the finding &,

that a high percentage of children in both younger groups used the same
_strategy on three out of four trials in a condition clearly argues against
v ‘ this explanation. In short, none of the three a]tqrnativé explanations is
- " supported by the data. e N
, The finding that children can use qualitatively different processes
S to. arrive at correct solutions to problems is not without precedent in. the
' s co?nitive‘devglopmental"]1terature. For example, figurative and operational
o solutions have been demonstrated on number conservation (Gelman 1978), tem-
' poral.ordering (Browr & French 1976), transitive inference (Youniss & Denni-
.. son 1971), and class inclusion (Dean, Bridges, & Chabaud, 1981) problems.
" Whéther figurative solutions to these problems are necessary prerequisites .
for the development of operation solutions may not be demonstrable by avail-
. able developmental research techniques (McCall 1977). The range of tasks
. {n which figurative and operational solutions have been demonstraged, how- . -
ever, does suggest that the figurative matching process may be a general '
-characteristic of children's thinking im the transition from preoperational.
to concrete operational stages. T ‘ e

-
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I11. Analyses of children's spatial imaging capacities using reaction—timemeasdreA,

- ménts and comparisons of RT with drawing .measures? -

, Menta]'iquﬁs; by definition, are internal, unobservable psycholog-

-~ {cal phenomena. Thus, the quality of a person's imagery must be inferred
from. observable behaviors which are ass med to be associated with the im-
aging process. In the cognitive devé“%mn al literature, a controversial
fssue concerns the validity of children’s dr wings ‘as measures of their
imagery of spatial transformations and movements. In Piaget and InHelder's

- (1971) research and other Piagetian imagery studies (Dean 1976; 1979a;
Youniss & Dean 1974), drawings were the basis for the description of devel-

vy, : l 5 S o
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opylents in the ‘quality of children's’ imagery from the pre-school through
-the adotescehnt. years. Drawings made by the. younger .children -- i.®e. 5 and.

: 6iygai.01 s>-.were "static" in that objects or parts of objects were repre- -
ented in‘anticipated future states-as they appeared in the initial state.” -
The average age at which older children could- correctly draw moving objects
depended on the nature of the movement and the figural’ complexity of "the

./ ,<intervening gnd ,final states. For example,. transposing objects were easier

/-~ to draw than rptating objects, and objects .movingjin ﬁe]q;1on to a station-

© ary'frameof reference were easier to draw than objects moving in re]ag}pn
- to a moving reference’ frame. Objects wﬁichfaoved,ghrough an empty fiedd )

P .\ were easier to.dgaw than objects which -intersééted other objects during *  »&
e . movement, and-objgcts oriegted verticaTly of ‘horizontally in relation to a
T reference frame were easier to draw than obliquely oriented objects .(Dean
1976; Piaget 1970; Piaget & Inhelder-197F, Piaget, -Inhelder & Szeminska
"1960).° Piaget and Inhelder interpreted errors in children's drawings as
indicative of poor.mental images, and hypothesized that poor images stemmed
from children's inabilities, to donceptualize external spatial. reference Sy~ - &
" stems and the logical properties of object displacements within reference -
, systems. Co S L ‘

-/

N

“Skepticism about children's drawings come primarily from researchers
of gninformation-processing theoretical bent, who prefer to study chil- ,
: dre%gs rotation using a reaction-time procedure- (Childs & Polich 1979; Kail,
Palligrino & Carter 1980; Marmor 1975; 1977). .“The ‘procedure is/based on:
- Shepard's (Cooper & Shepard 1973; Shepard & Metzler 1971) methods foir Study-
ing adult's megta1 rotation. Subjects are instiructed to prepare an image
of an object in-anticipated states of rotatioh,ﬁand_th@n to compare their
image with an'external standard. Mental rotatidp is inferred if-prepara-
tion times increase as.,a linear function of degrée of rotation, if degjsion.
times.are uniformly fast across orientation, and if subjects are accurate ®
in comparing their prepared images with the standdrd (Cooper & Shepard 1973):
The results from these studies' generally complement-Piaget and Inhgtder's,
(1971) findings by showing_that children 8 years of age and older tan men-
tally cotate, become more-accurate .and efficient at rotation (Kail et al ,
1980; Marmor 1975; 1977) and faster’in thgir responje times (Childs & PRolich
1979) as they grow older. HolWever, Marmor's findiAg.that 4 and 5 year olds
- ean mentally rotate contradicts Piaget' and Inhelderighresuits. Her explan-’
,7 ation for the difference was that 8rrors in younger'vﬁiﬂdren's drawings on
Piagetian, tasks gygbably reflect their ‘poor moter co&w§‘nation. In a sim-
ilar vein, K (1980) claimed that errors in childrdp's drawings might:
‘simply. be ¢ ons that the child uses 'to.extérnalize Ygtérnal events
onto two-dimensional surfaces. In Kos$lyn‘s words, "a chilll's image might . .
be perfect, :but his or her drawings skills Timited" (KosslyR,1980, 420-421).
S Both «critics, therefore, rejectéd Piaget'and,Inhe]der'S'assu tion that
children's.drawing errors reveal the inadequacy of their ment¥] images, and
thus discounted the. coAtributions of Piagetian research fqr a ;ygderstanding
of imagery development. s LN

L

A. A comparison of RT and dhawing peasures- of mental rotation

Y

This study tested .the. hypothesis that drawing errors .on antici
imagery tasks reflect children's poor images of objects in anticiphtal

. : L ' ‘ o - : \
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‘movement. ~The hypothesis was tested by comparing children's performances
on a RT version and a drawing version of Piaget and Inhelder's .(1971) ro-

‘tating squares task. If error patterns in children's drawings are consis-
_ tent with RT task.data interpretations of children's imaging abilities, .

‘then it an be concluded that drawing error$. reflect the quality of:chil-
dren's mental imagery. In contrast, if the patterns and qualities of chil-

i

dren's drawing errors are unrelated to their RT task performances, then a .
‘case can’be made -for Kosslyn's and Marmor's claims that drawing errors re- .
~sult solely: from children's conventions or poor motor coordination. :

The rotating squares task,-as administered in Piaget and Inhelder's o
- gesearch,vrequired“chi]drén to imagine a square rotate around a pin which 4
" Joined the square to a second, stationary square. The stationary square

~ vas in a vertical-horjzontal (V-H) orientation relative to the backdrop.

In an actual physical rotation, the squares assume different configurations
depending on the rotating square's orientation and position relative to the.
stationary square. In some states, the rotating square is oriented obli-

+ quely and partially overlaps the stationary square. - In other states, the ,
)rotating square is in a V-H orientation, and is either juxtaposed next to ﬁ& :
the stationary square, or covers the stationary square. Piaget and Inhelder i
concluded that 10 and ‘11 year olds in their sample could imagine a rotation
movement, since they were able to draw the squares correctly in both oblique
and V-H orientations. In contrast, 7 to 9 year olds were described as cap- .
able of imagining the square's displacement as a "position change" but not a
as a "distance covered, with its various characteristics -- direction, mea-
surable size, shape and orientation..." (Piaget and Inhelder 1971, p. 139),
since they were able to draw the squares correctly in some V-H.orientations,
but systematically distorted the squares shape and pivot position in oblique ,
orientations. \ In Piaget-and Inhelder's interpretation, images of position
changes only require knowledge of simple ordinal operations, while images of
displacements as "distance covered" require knowledge of coordinate axis. R
reference systems. Five and 6 year olds indicated an inability to imagine J
even simple position changes, since they either represented no change in the
‘square's position or orientation, elongated the square, or mgved both squares .

~s{multaneously, thus conserving the initjaleconfiguration. These errors re-
sulted in low percentages of correct drawings at both' V-H and gblique orien-
tations. ‘ : T S

-

: Based on Piaget and Inhelder's results:and interpretations, the data

- analyses for both the RT and drawings tasks in this study compared V-H- and

. oblique orientations..- First, it was predicted that children classifjed as
"mental rotaters" on the RT task would draw both oblique and V-H states cor-
rectly. Second. it was predicted that some children would respond more
quickly and make more accurate decisions on V-H than gblique angle trials on
the RT task, and would also.draw the squares more accurately in V-H than ob-
lique drientations. Finally, it was predicted that some children would per-

" form equally poorly on oblique and V-H angle trials, on both the RT and
drawing tasks. S . . ' : .

vFortyheight uhife, middle and lower-middle class girls attending rg'
ochial and public élementary schools in New Orleans, La. were tested. Four
children were dropped from the study because of‘inattentﬁveness during the

.
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W.keaction-tiﬁe task. The age§ of the'remafning_44 children ranged between

.~ 5.6 and '13.8 years, with a mean of 9.2-and a standard deviation of 1.9 ~

'
’ A

years. -

. " Children's preparation'and decision phase -performances of the RT -~

‘task suggested that nine, children mentally rotated, in the preparation

phase (group A); nine children imigined 'some change ih the square's posi- -

tion, since preparation times differed.as a function of V-H and oblique

orientations, ‘but did not succeed in preparing an image by mental-rotation

ué?roupﬁg); and 26 children used no.discernable systematic strategy (group

' An analysis of variance performed on children's ages indicated, th

. there Wwere no significant differenles between groups A, B, and C, F(2:41) =
1.86, p > .05. Children in group A were between 7.5 and 12.3 .years, with

“eight of the nine children between.9.9 and 12.3 years. . The mean for the | }g%fﬁ
‘total group was 10.3. Children in group B wei tween 6.8 and 12.4 years, - A

re be
* ‘with'a mean of 9.1 years. Children in group C were betweeh 5:6 and 13.8
years, with a mean of 8.9 years. - R O ‘
Children's performances on the drawing task were analyzed according
to the quantity and-quality of errors in their drawings of the squares at. G
 each of the four rotated orientations. A1l of the children drew the 0% or- ..
~ jentation correctly. Table 2 shows the percentages of children in“the . A, =
three reaction-time tesk groups who were correct in drawings of the four - .
rotated orientations, and the percentages of children with fqur performance | _
patterns; (a) no correct drawings; (b) at least one correct V-H drawing, .
but not correct obligye drawings; (c) at least One correct V-H and at least
one correct obligue drawing, but not-all correct; and (d) all correct. Re-
+ action-tipe task groups.were differentiated on both measures. Children in”
‘ _group A were more accurate overall than children in droups B or C. Error
patterns indicated that group A children's difficulty was with "far" orien--
. tations, eather than with oblique states per se. The percentages of correct
_drawings for these children were high ‘for the two near'orifentations 45°,
900), but only moderately so for the two far orientations (135%,7180°).. A1l .
. "of the children in group A drew at least -one V-H and one oblique angle ori- -
~ éntation correctly ?ﬁerformance patterns (c) and (d)). o "

: Children in group B were mid-way between groups A and C in overall
"+ accuracy. Their greatest difficulty was clearly with oblique orientations.
‘In comparison to group A, childrenn group B8 made almost ‘as many correct ~
‘drawings of V-H states, but fewer correct drawings of oblique states. Their
-individual performance patterns were predominantly of the second type (pat- .
tern b) -- i:e. no correct oblique states, but at least one correct V-H -
state. Finally, children in group C made the lowest percentage of correct
drawings ‘on al] four states. Their predominant pattern was RO correct
drawing (pattern c). ‘ ' ' ' . '

An analysis of variance was performed on the number of correct
' drawings made” by children: in-the three groups at the two combined oblique
orientations afd the two combined V-H orientations.. Both the groups, F(2,41)
= 16.72, p < .001, and the orientations, F(1,4]) = 11.68, p < .001.main ef-
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#.-.". This description~fits all types o

o »9' : : ,. | Lo S S - w .t"o ’ L
'fectS'wekejsighifiCahﬁ;' ALChiaéﬁuare»éinysis,performéd on the frequen-
. ciges -of chﬁ]dren-in’quUPS,A,JB,qand:C,with individual: performante pat-

terns ofé;ypes (), (Q);.and’combined (c) and,(d)_indicaté@'that_the reTa;‘  ﬂ_: 5:1 ;§

.+ tionship was,high,yjsﬁgnificant,‘xz(4)'%*34,53, p-< .001,
o ¢ o T e

ey
P g '
.. There were three

5

- cateqories of children's incorrect drawings.. In =~
the fir§t,=(1ncorrgc;”phppgég;&chi1drén drew the squares correctly-with -
respect to all aspects-except orientation. Both of .the squares were.re-'"
,_présented?in;ahproXimately;quare_jaigps,'fhe,two-tohnected corners .were
together, and the top square was retated but to-the wrong orientation.
_ 1h4thé*$econd~(static);‘were,drawing%tin.whichfthe squares appeared ex- - - . "
actly the same as in'the startikg gpate, in all’stipulated orientations. ~\ = |
11 [ s of drawings in’'this category precisely, =
“with-two éxceptions. One type included draWingsiﬁn«Whigp'the only change
' wasjjnvthe.onientationfofitheTaFrow‘drawh on the: top square.” .Children
o were not inStructédvtoidraw;thé’anrpw,-but~sometimes di voluntarily,
oo most often in drawings, in this category.. The second type ingluded drawings -
© o tinwhich children only changed the position.of the pivot.” . IR

oo o In the third-category (maintaining) were drawings of various types,
. .. all of which had in co on.the- teature that an aspect of the squares that -

. ..should have been changed 'was maintained, whereas: an aspect that should -

" have been maintained was changed. Most often’, the aspects maintained.in-.
~correctly were the initial non-overlapping positions of the two.squares, -~ = -~

' *and,thé;Ver;icaIity‘oqthrizontalit& of some of the-sides of the rotatigé.. .
'squgre. In order to maintain these aspects, children most often ‘chang o

g "5.

. . thel piwpt position and/or shape (of the rotating square. Children in gFoup.

|7 C most often made’ static- errors,.children in group B most often made main-

| - »taining errors, and thildren in group A,.the same number of maintaining as

'ﬁFincorrectfchangeuerronSL’_KruskaJ-Wa]Tis“testS;Were used to" compare /the
" numbers of drawings made by children in the three groups, for each pf the -
_ errorcategories separately.. The results indicated a significant
-différence for the static error category, H = 25.11, df = 2, p < § .

% for the maintain error catedory, H = 8.37, df = 2, p < .02, but not in the 1\ _

- incorrect change category. - .

™ In summary, reaction-time and drawing measures of children's mental
. rotation suggested similar qualities of imaging. For group A/ both mea- -
sures indicated that children could "imagine the square's rotation.  Group A
children were prepared to make fast and accurate decisions in both condi-
tions of the RT .task,:and were able to draw the squares in both anticipated {

- oblique and V-H orientations. B - SR

e - For group B, both measures indicated that children /did not mentally
' -+ rotate. They were not prepared to.make fast or accurate decisions in eir .
" ther:decision phase condition on the RT task, and their drawings failed to 4
_conserve aspects of the square that remain invariant during a rotation move- ,
' tion and the squaré's shapé./ Both measures indi-

. ment:-- i.e., the pivot posi

_ ‘-cated, however, that group B’children could imagine some change, and that ~
- the differences in the squares' configuration in djffq}ent states of rota-

tion played a significant role in children's ability to imagine change. On.

both measures, children found it easier to imagine .the square in aq&icipated
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*V-H than anticipated oblique orientations.

o

)

- Fihally, both measures suggeSted that children in group'C could not -

. reliably imagine change to any orientation. On the RT task, children's

on -the drawing and reaction-time tasks. in this |
" dren improve in both their drawing $kills and mental representations‘as =

'response times and error rates failed to differentiate among orientations. ...

Their dﬁawings;showed,]i;tle‘or'no change -from the initial perceptible .
S Ohé-ekpiahationffﬁr.thé'correTSfﬁon'betweén-ghderen“s;gerformanﬁes'

is study could by that chil- .
they grow older, ‘but that these developments are parallel and independent.
The adequacy of this explanation.was tested by two analyses. The first was

A

: a-partial correlation between children's reaction-time task groups. and

‘thelr total number of errors at the four rotated orientations, with age-

- controlled, r = .64, p < .001:. The other was a 3(aroups)-X 2(orientations)

analysis of variance performed on the numbers of children’'s drawing errors:

~at oblique and V-H orientations, with age as a covariate. The groups main -

effect was significant, F(2,40) = 14.73, p < .001. Age, therefore, was not

‘the sole contributing factor to the observed relationship between children's

reaction-time task and drawing task.performarces.

"~ B. The aévelopmént'of chi]drén's'menta1'trackina‘étrateg1es~;n a rotation

~ - task (Dean, Duhe and Green 1982).

. mances on Piaget and Inhelder's (1971

© " The results of_Marmdrﬂs’(T975; 1977)'stddiééva]so-différ from the

sed to investigate children's perfor-
‘rotating squares task. In these two’

studies, some 7 and 8 year olds generated linearly increased reaction times, -

But younger children did not. e . .

The- primary difference between| Dean's and Marmor's studies was in the

‘nature of their respective stimuli (squares vs. bears). There are two ways

" in whieh bears ‘differ from squares wh
_head, its legs support its -torso, and
. ity with these functional relationshi
relations among the bear's parts duri
‘sides are of equal length, and its an
"~ cally do not understand that metric p
~ (Dean 1976;°1979; Piaget & Inhelder 1

" parts are figuratively redundant. Di

~a .non-rotational strategy (Cooper & S

or's task. A bear's-torso supports its
'so on. [Pre-school children's familiar-
S may~h€ﬁd'them conserve the spatial -
g mental rotation. In~conﬁ§§

relatively better. performanc-s on Mar

is an abstract figure defined exclusi
les are 90°.. Pre-school children typi-

minska 1960), and thus have difficulty
images of objects.undergoing movement
71). DR _ o

they are moved (Piaget, Inhelder & Sz
maintaining these ‘properties in their

Ay

"Second, the parts of a bear ar :
: tinctive parts of objects may provide .

ents on a Shepard-Metzler task based on
epard '1973; Cooper & Podgorny 19763

' studies, children may have perceptual

cues for accurate same-different judg

Kosslyn 1980). For examp]e, in Marmo

, résu]ts‘of two studies by Deahf(De&n_@ Harvey. 1981; Dean & Scherzer 1981) ih’ii L
-which Marmor's rotation paradigm was E '
a

ich may account for pre,scﬁqp].children'svj.

-

_ sast, a square
ely by spatial relationships. A square's .

operties of objects are conserved when -

; L/:;n

:figuratively-d{stinct,.Whire-a"squaré'é
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. searched for corresponding arms 6n the two bears-and then decided if they
were both oriented in the same direction in relationt e bear's body. . -

. Or, children may have referenced the bear's. arm to.'a part of their owr:

- .bodies, and then turned their bodies,.in thesdirettion’i$gicated by the
“comparison bear's orientation. This latter strategy could be used whether - -~
. the two hears wére presented simultaneously, as'in Marmor's studies,-or '
,successively. Thus; the dilemma posed by the Shepard-Metzler task when .~
uséa. withypre-school children is that stimuli designed to facilitate the
maintenance of Rgatial.reTatiqns among object parts during mental rotation-
can-also provide opportunities for children to make correct same-different
.Judgments- using qurrotatﬁonal strategies that are indistinguishable on -

reaction-time measures from gotational strategies. o)

' . R : . o . - ‘ . '
- :-The;pp?pOSé of experiment.]-was to compare pre-school and older chil-

'+ dren's abiYities to mentally track an object ‘through a rotation movement.

‘A procedyure was .used in which children vere explicitly told to'imagine a

o pointer; resembling the hand of a clock, rotating in a clockwise direction

"~ at ‘the same, self-chosen speed on every trial. lhen®3,4,5,6, or 7.seconds.

 j had elapsed after the beginnifg.of a given trial;, the experimenter gave a -

~* . marked the pointer’s imagined position at the time of the signal. .

- signal. - The child's task was to‘indicate the location on the backdrop ‘that" :
B . [ R C
~ The procedure differed from. the Shepard-Metzler procedure ‘in three ." .
ways which aided in the unambiguous interpretation of results. First, in
‘the Shepard-Metzler ‘procedure, mental trackirg was.a means by, which children
could achieve the primary stated goal of the task, which was to discriminate
same from different pairs of stimuli. Thus, children could have chosen .alter-
native methods for making same-differnet discriminations, and still have met.
e task's stated objective. In the present experiment, the primary stated
.goal was,to keep track of the pointer's rotation so that its location could
be specified at any point in time. Thus, children who ‘mentally -track the
pointer failed to meet the stated objective. =~ - " ' ’

‘Second, Shepard and his éssbciateSi(Cooper.&JShepard 1923)fhévé admittedf-»'

~ that linear components of reaction-time functions are not essential to infer
"men§:1 rotation on same-different comparison tasks. For example, in cases
“where stimuli are highly familiar, comparisons between differently oriented
stimuli could be made without rotation at small degrees of angular disparity, =
. but reguire rotation at larger degrees of angular disparity. Thus, curvilinear
- reaction time functions could be generated by mental-rotation on some compar-
ison tasks. In contrast, linear.regressions are both necessary and sufficient
to infer mental tracking.on the task used in-experiment 1. Children were re-
quired .to use mental tracking to -continuously monitor the changing orientation” -
of the pointer. Linear regressions would have been generated by a mental - -
tracking strategy, unless tracking speeds varied inversely as a function of
rotation timé. This latter possibility was remote, since children had no -
advance knowledge about the,time- intervals for upcoming trials. Other possible
~explanations for non-linear distance x time functions -- e.g. children's fail-

““ ure to mentally note the pointer's imagined location at the time of the signal,

or their failure to accurately point to, the imagined location -- were ruled
out by a pretest of children's proficiency at these responses on.a set_of_

"perceptual tracking" trials.

-~ T e
.




.. Third, the to-be-rotated stimulus in ‘the present- experiment could be B ,
. effectively reduced to the simplest pdssible object -- a point. The task -
simply. required- childyen to keep ‘track of the rotation of the pointer's tip, .
:-or-any -other point along its length.: A Shepard-Metzler comparison task, in
- contrast, requires an object with component parts that can be the basis for
~ same-different discriminations. Thus,e the question of object complexity or
familiarity.enters into the interpretation of results from Shepard-Metzler .
‘tasks, but ot from the taék\jn the present experiment. o o

: Seventy-six,é%ﬁldren from parochial elementary schools in New Orleans,

“Louisiana were tested. There were 26 kindergarteners (mean age, 5 years, 8
months), 30 second graders (mean age, 7 yearse 9-months):and 20 fourth graders

' (mean age, 9 years, 8 months). R o - T

, ~ On the mental rotation trials in the experiment proper, children were

. required to think about the pointer rotating instead of seeing it rotate. In .-
_contrast to the speed estimation trials, children had no- infornation at the =~ -
" beginning:of. each mental motatian trial about rotation distante or rotation - o

f_T  time. They were simply told to’think about the pointer rotating until they
* heard the experimenter's signal., - As on pretest trials, their.task was to + -

. point to the segment on: the color wheel that marked the pointer's imagined -
“location at the time of the signal. . The experimenter instructed children to
"Think about the pointer moving at the same’speed.’as before (i.e. as on the .

speed estimation trials).’ When you hear me tap my pencil on the table, think -

‘about which color the pointer was on at that exact moment. Then show me the
‘color by pointing to the board. Vhen you're reddy to start thinking about

‘the pointer moving, push this black button. ‘When you hear me.tap, show me

_"the color you imagined the pointer was on just at that moment."

- There were four measures of children's performances in this experiment.
First, the degrees of rotation indicated by each child for mental rotation
trials at the five time intervals were analyzed by regression. . These anal-
. 'yses designated children as "rotators" if regressions were significant at

: ‘ps<.95,'or "non-rotators" if regressions were not .significant. '

Second, the percentages of children's "rotational" ‘eye movement patterns
were examined to determine whether or not they corroborated children's classi-
~fications as "rotators™ or "non-rotators". Two measures of children's mental
tracking efficiency were also analyzed. The first measure indicated:the de-
~ gree to which children's imagined rotation distances were linear (r2) -- i.e.

‘the proportions of variance accounted for by linearity in imagined distance

'x time functions. The second measure .was.the slopes(b) of children's distance
. x time functions which provided a direct estimate of children's mental track-

ing rates. - - :

The regression and eye movement data supported the developmental

_ trend described by Piagetian studies, but contradicted Marmor's claim that
pre-schoolers are as proficient as older children at mental tracking. Second, -
children's variability scores oqgthé’speed estimation trials suggested that
kindergartener's difficulty on the mental rotation trials cannot be attributed
to their inability to estimate and maintain a temporal interval. . Non-rotators’
in the kindergarten arid second grades were as consistent in their estimations

i B Co . voRg
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of time intervals on the speed estimatdon.trials as rotaters in those grades. .
S Thﬁfd,:analysgs'ofgchi]dren's,r? values-and rotatiz:-rates yielded no
indication of quantitative improvements with age in children's rental tracking -

~ efficiency. This finding is counter to the results.from Marmor's (1975; 1977)

-+ and Kail, Pelligrino”and Carter's (1980) studies, whi¢ch reported significant -
age differences in childrerm's reaction-time function 'slopes on Shepard-Metzler.
type rotation tasks. However, .since .the Shepard-Metzler rotation task is -
ambiguous with respect to the strategies that generate linear reaction time
functions, it is also ambiguous with respect to-the meaning of these. functions'

~parameters. Slopes may reflect mental rotation rates, or they may reflect
children's perceptual comparison speeds. *Slopes of a relatively small magni-
tude were interpreted in Marmor's and Kail et al's studies as evidence for fast -,
rotation rates. ' An alternative intérpretation could be that children made "~ -
perceptual compariséns at relatively uniform speeds across orientations. 'Accor-
dingly, age related slope differences could indicate that younger children need
to spend more time comparing stimuli when orientation differences are large, in

order to maintain high levels of dccuracy in same-different judgments, whereas

» .older children can make accurate comparisons quickly regardless. of orientation
- dYfferences. One study which.did.not find age related slope .differences {Childs
& Polich '1979) did not employ the' Shepard-Metzler procedure byt rathev Cooper -
and Shepard's (1973) successive presentation¥procedure, which did not permit

. perceptual,stimulus comparisons. 5 L Ce C

A second possible reason foy the finding of no developmental differences.
,in chiTdren's rotation rates in experiment 1 is thatichildren were required to
mentally track.a point (the end of the pointer), as contrasted with the require-
ment to rotate an object or a letter .of the alphabet in studies reporting rota-
tion rate differences. The requirement to mentally rotate an object or an alpha-
‘numeric symbol ‘may involve strategic processes 'that are unnedéssary in mentally: .
tracking ‘a point, and which older children might carry out faster than younger;ﬁri
children. A similar hypothesis concerning the relation between mental rotation:
‘strategies and-rates was suggested by Kail et al. (1980) to account for their °
 finding of a devalopmental rate increase. In-this view, older and younger .indi-
.viduals might use different strategies fo. rotate an-object, which require dif-
“ferent amounts of time. For example, older individudls rotate only a distinctive
part of an object, while younger individuals might rotate the whole object. Or,
older individuals might rotate the whole object all at once, while younger indi-
viduals might might rotate each component separately. In either case, the. strategy
used by younger individuals might take longer than the strategy used by older '
individuals. S . o o ~
N Kail et al.'s hypothesis of ‘developmental changes in mentat rotation
. v&trategies is consistent with the notion that different strategies place dif- -
ferefit demands on children's information-processing capacities, and that children
become more .adept with practice at carrying out information-processing routines,
much as they become more adept at carrying out skilled motor routines. From the

‘standpoint of Piagetian theory, .however, there is less reason to predict age re- -,

lated differences in mental rotation strategies. -In this view, mental rotation
“images are symbolic representations of spatial operations, which'are coordinated.
mental actions that underlie deductive reasoning about spatial relations. For
example, spatial opgrations subdivide space into intervals, coordinate spatial
intervals within coordinate axis reference systems,cand-charige the po§itions of
objects in relation to reference frames (Piaget, Inh r & Szeminska 1960).
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<. Children can makéfinfefen'eé'ébqut-the relative amounts of distance an :

S "object'might travel during different intervals of time, -or_jinferences
e -I'about ‘the locations of ‘one part of ari object from knowledge of thé lo-

cation of another part; on the basis of spatial placement and displace-
. ment operations., . Theoretically, once a child is capable of spatial
" < operational logic, he (she) should be able to represent these operations ,
- in mental imagery-in a variety of ways. Children might choose to mentally !
- displace one part of an object, 'and then make post hoc deductions about" .
“‘the. remaining parts' positions and orientations, or to displace all party -
‘of an object simultaneously. by an on-going deductive reasoning ‘process, - o
. . represented symbolically in imagery by a holistic strategy. Either approach
would be within children's logical capabilities, and the choice would re-

flect task demands-or -individual preference. ,
'._ ~ Experiment 2 in ‘the study, thérefore, addressed three questions.

- The first was whether developmental differences. in children's mental track-
ing rates would emerge if children were required:to track a whole object,
‘rather than a single point. This question stemmed from the findings that
-different aged children mentally tracked at equjvalent rates in experiment 1
in this study, in which the to-be-tracked object could be reduced to a point,

.~ but at different rates in _some experiments in which children were required
.. to rotate whole objects. \The question was addressed by modifying the pointer |

used -in experiment 1 so that it rotated artund its mid-point, and'by. distinc-
‘tivély flarking the pointer's two .ends. Children were required to identify =
R the imagined location of one or the other of thespoinhter's ends on each trial,
. . .but were not told in advance'of the\signal which end would be indicated. Thus,
.. a strategy was called for that could keep track of thejrotatidnuof‘Both,qnds
of the pointer.: ' A " . s O

. The second and third questions, suggested by Kail et al.'s speculations,

“were whether or Rot ¢hildren at different age levels use different strategies

to mentally track the rotation of the pointer's ‘two ends, and whether or not

“children's tracking rates vary as a function of their strategies.. Two basis

. . strategies were differentiated on the basis of children's response time pat- .
terns. Response time on the task used in experiment 2 was the interval between

- the presentdtion of the signal indicating that children were to.note the imag-

~ ined location of the pointer/s designated end, and children's depression of ‘a
* reaction-time button corresponding to the colorion the backdrop that marked the
* pointer's imagined location, If response timeswdiffered as a function of the
gﬂpointerfs designated end, it was assumed that children. had mentally tracked
“one end of the pointer on all trials, but then looked 180° across the backdrop
' /_v//%zgr the location of the opposite end on trials when that end was named. If -
response times' did not differ as a fun{tion of the pointer's designated end,
4 but were distinctly bimodal, it was asswmed that children alternated between
tracking one end on some trials, and the other end on-other.trials, thus gene-
. rating short times when the tracked end. was named, but longer times when the
-« untracked end was named. If response times did not differ as a function of
the: pointer's designated end and were unimodal, it was assumed that children
" had tracked both ends fof the pointer simultaneously. Thus, response time 7
pateerns differentiated "end-to-end" and "end-to-end alternating" strategies,
on the one hand, from "holistic" (or both end) strategies, on the other hand.

s '
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‘One hundred and five children from four grades (1,3,5, and 8) were
tested -- 25 from grade 1 (11 males and 14 females), 26 from grade 3 (14
- males and 12. females), 27 from grade 5(Y10 males, 17-females, and 27 from
‘grade 8 (12 males and 15 females). Mean ages (in years and months) of =
. children in the four grades were-6-7 for the first graders, 8-5 for third’
- graders, 10-7 for‘fifth graders, and 13-9 for eighth graders. The chil-
. dren 4in the three younger grades were attending parochial elementary  ..°
schools in New Orleans, Louisiana. The eighth, graders were attending a
L R#blic junior high school.. Both schools served a middle to lower middle ,
N _“w$§\\w-cvass population . . S . : . S

»

" Y

by the resultst First, ho developmental differences in rotation rates .
were observed, despi he .requirement for childrep to imagine the rota-
~ tion of a whole object.)| This requirement did, however’, result in consid-
erably slower rotation times relative to those observed in ‘experiment 1
for children at all ages. End-to-end rotaters may have deliberately s]owed?'
the peeds in anticipation of trials ‘on which they would hate to deduce
the position of the untracked end. Holistic rotaters speeds may have been
slowed by the requirement to coordinate the position of the pointer's two®
ends after each imagined position change." . ‘

A1 thkee questizzs.asked in this expériment,anﬁwered negatively

. ~

~ Second, no developpental differences in mental tracking strategies .
mere opserved among childken who were able to imagine the rotation of the ’
whole pointer. The finding that mental trackers at each of the three higher
. grade levels were capable of both end-to-epd and holistic strategies fits
& ‘with Piaget and Inhelder's supposition that spatial operations underlie
../ - rotation images; and can be manifested by g.variety of different strategies.
.7+* Logically, both the end-to-erd.and holistic-strategies.require .children to
4 .imagine changes of position fo~one or more partsof the, rotating object,
‘and both require:children at some point either during br after the imagined
rotation to deduce the position of one end of the pointer from the other.
' Thus, children who can reason deductively about space and spatial movements
. * should possess the prerequisité-logical ability to. formulate and execute _
"+ " elther'a holistic or an end-to-end strategy. The finding that children - .
“younger than 8 years of age in this experiment were unable to use either .
- strategy fits with Piaget's observation that children develop the capability oo
S " to make inferences regarding space and other domains at approximately age 7 t

or older (e.g. Piaget, Inhelder & Szeminska 1960). .

“There were, however, significant within grade differences in the -
frequencies of end-to-end and holistic strategy users. This difference -
could be explained by differences in the two strategies’ information pro-
cessing demands. Specifically, the dnd-to-end strategy seems to require =
less effort than the holistic strategy. The holistic strategy requires on-™"
going coordination of the positions of the two extremities of the pointer,
while the_end-to-end strategy requires a single deduction of one end's -

E positione}rom the other. Fdrther, an end-to-end strategy may have been- -
suggested 'by the straight-line relationship between the pointer's two ends.
Children may 'have recognized the feasibility of deducing one end's position

3
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“from the other at the time of the signai;,and thus(ZEosen the path of

‘Thus, nonlinear regressions can reasonably be interpreted as

- -

-
-

least effort during the actual rotation phase. If the parts of the to-

_'be-rOtated object had been more complexly related, more. hildren may have
 ‘attempted hvlistic strategies than part-to-part strategies, and a dif-
" ferent developmental trend may have been observed. o

@
[y

‘Third, rotation rates were not a function of mental rotation
strategies. Rates for holigtic, end-to-end, and one-end rotaters were _
highly .comparabMe. As previously speculated, rates for both holistic and -
end-to-end strategy users may have been slowed by the requirement to keep
track of both ends of the pointer. For holistic strategy users, this

- doordination was an on-going process. For end-to-end and one-end rotaters,

the anticipation of having to locate the untracked end may have slowed
their rates. ’ e '

The results of these two experiments are not consistent with Marmor's ~
findings that pre-schoolers can mentally rotate, nor with the information-
processing: theoretical point of view that mental rotation is a learned
rOutineﬁghat becomes more efficient with practice. " Children younger than 7

did not generate linearly increasing distance time functions, rotation rates

were equivalent among rotaters at different ages, and whole pointer rotater
strategies (end-to-end. v.s Haldistic) that intuitively differed in their

" information-processing demands were not used as a function of children's ages.

Equivalent rotation rates and rotation strategies in these experiments may
reflect specific' task demands. For example, there may be an optimal rate for

mentally tracking an object with the intent of identifying its ‘Jocation at

any given point in time, Which children of -all gggs in these experiments spon- \
taneously chose. ' SimiTarly, the characteristics of the object in experiment

- 2'may have narrowed the range of appropriate strategies to two thate children -

at all ages could perform, while the use of -more complex objects may have

generated a wider, and more age-re]atédq,raqqé_of strategies.

In contrast, the failure of 5 and 6 year old childten to generate \
linear regressions is Tess readily explained by task demands. - On pre-tests,
these children demonstrated an understanding of task objectives and procedures,
and the ability to accurately note and point to the pointer's location on the
backdrop. The only additional requirement in the experiments proper was to
mentally, rather than perceptually, track the pointer. The to-be-tracked
object in experiment 1 was reduced to the simplest form -- a ging]e‘ggint.

7 a failure to .
mentally track. The discrepancy between these and Marmor's findings suggests
either that linear trends in Marmor's studies reflected non-rational processes,
or that mental tracking, as explicity required in thi$ study, is a process

- that diffews quafitative]y from the kinetic imagery that chijldren used on
‘Marmor's tasks. In the present study, children vere required :EEFontinuously

monitor the pointer's rotation, while inMarmor's rasks, childe ‘were re-
quired to imagine the appearance of the rotated object .only in®%he rotation's
end-state. In the literature, however, resedrchers have been quite explicit.

in interpreting linear regressions on Shepard-Metzler tasks as evidence for a
mental tracking process, in which images pass through a series of consecutively
ordered states (e.g. Shepard & Metzler 1971).. If mental tracking does not '
characterize the kinetic imagery process presumably used by pre-schoolers on
Marmor's tasks, then more detailed study of that process is clearly nceded.

<0
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- and memory for the stimj1i are included.

v

IV? Chi]dren's;gpontangous'transformational imagéry aﬁd memofV,éQ£_A
fiqurative states. S S . ,;¥

v

. Piagetian. imagery research to date has not attempted to establish
the gelevance of children's abih’?a'es to imaginally transform object -
states for other areas of their c gnitive functioning. One area in
which imaginal transforming of'object states has been assumed to be m-
portant is that of children's memory. The constructivist approach to

:”memory (e.g., Bartlett 1932; Piaget & Inhelder 1973) assumes that the

ways in which people understand an experience infjuence the ways in which
the event is remembered. ~Conceiving-of an object state. in terms of a net-
“work of potential changes or transformations presumably bestows greater

“significance, a deeper level of understanding, ‘than conceiving of it ex-

‘clusively in terms of figurative properties. . The actual -significance of -
“the -constructivist position for children's memory rests on the extent -to
which children spontaneously use transforming strategies when processing
figurative states. - L - : oo "

~ The gxperimental‘paradigm7best'suited-for the}jﬁéestigatfonrof the
spontaneous generatfon of transformational imagery and its &ffect.on mem-

- ory 15 one in which (a) initial ihStruc%jgns-]eave open the nature of the
b

processing to be performed oh stimdli; children are naive during the.
‘processing phase regarding the eventual requiremerit to recall ‘the stimuli;
and, (c) independent measures of children's initial processing strategies. “

y .

Reviews b%'the deVeibpméntai'memdry 11 terature (Libeh:1977; Pdrfs 1978)

indicate that few, if any, existing studies meet all three requireménts.
Studies in‘which no initial processing specifications are included generally
inform children that their eventual -taskis to remember -the. stimuli, and fail
_to include independent measures of initial processing strategies and memory
“performances {e.g,, Paris & Upton 1976; Paris & Lindauer, 1976). Studies in’

\ " 1

which children are naive regarding the type of initial stimulus processing.- o

e.g. to construct a story about the stimulus (Paris, Lindauer, & Cox 1977

* to imitate the.actions described in sentences (Paris &-Lindauer. 1976); or to.

¥

copy the stimulus in a drawing (Furth, Ross & Youniss -1974; Pidget & Inhelder
1973). In these studies, opportunities were lost for measuring children's
spontaneous processing of stimuli, and the value of relating measures of pro-
cessing §trategies to recall performances thereby reduced. ,

~ One dbjecfiVe_of the present study was -to determine whethér children
mentally transform object states on tasks in which particular processing stra-

tegies are unspecified. A second ébjective will be to examing: the effect. of )

transforming strategies on short and long term memory for. figurative states..

Forty children 1n/eééh of two grades--first and fourth--participated in

~ the study. First grade subjects had a mean age of 6.27. Fourth grade sub-

_jects had a mean age of 9.26. All children were chosen from middle class
Jefferson Parish Schools near New Orleans, La. . '

f
.-
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, Children veiwed 55 cm by 35 poster boards with three horizontal lines .
‘labeled #1, #2.. and #3. Poster boards having only one experimenter con- .«
¥gructed state which was -located above line #2, and leaving the .spaces above’
1ine #1 and line #3 empty belong to the static one-state conditien. ~For a = ,
complete list of the static one-state condition bf eacn task, see Appendix 1. o
Boards having experimenter constructed states ‘above line #1 and line #2 and
leaving the space ‘above.line #3 empty’ belong to the two-state conditions.
For a complete listing of tasks in the logical two-state and ‘the illogical:
two-state conditions; see Sppendices II and III. On the .logical two-state
conditions an action implied in state #1 is continued ™n state #2.  For in- -
stance, a stick tilted at 15° in relation to an upright stick in state #1 is
tilted at 45° in'state #22\ S TR

, - State #2 on the logical.two-state and fhevstatic ohe-stateconditions are
identical.: State #1 on the logicad two-state and the illogical two-state con-
ditions are identieal. However, as illustrated in AppendiX III, state #2 on -
the i1logical two-state condition did not continue the action .implied in state
#1. " In the example cited above, instead of a continuipg increase in the dis-
© tance between the two sticks, the position of the.pivot was altered. This
suggested no logical and on-going relationship between the two states, thus, .,
~ the task is classified as illogical. S '

' .
[}

To insure that all tasks.included in the illogical c6nd$§10n were indeed
-'i{1logical, a pilot study was cohducteq: A1l tasks were given under each con- .
“dition to 10 adults, 10 first graders, and 10- fourth graders. Failure by a11§

10 in_each.gfge group to discover an on-going relationship between the two ¥ :
states presented on tasks considered illogical was the criterion for tasks to . -

" be labeled illogical. | . ‘ BV
~ States on the 15 state construction tasks implied simple spatial trans-
formations such as figure completions, yotations, enld¥gements, transpositions,
~and shape transformations. The figuraszve aspects of each of the tasks were
distinct. Stimuli depicting sticks faVling, circles turning, squares trans-
posing, triangels rotating, clay elongating, etc., were employed so as to re-
duce or inhibit interference at the memory phase of the.study. ot

Children were provided\with all materials necessary to duplicare the states
_presented in Appendices I, II, and IIT as well as those necessary to complete
.or to transform the state(s) in some manner. . o

"In the processing phase, a total of 15 tasks were administered -individually
to each child. One-third of these tasks were administered under each of the
following three cohditions: ‘(&) statj¢ one-state; (b) logical two-state; and .
(c) illogical two-state. Consequently, each child was required to answer five
tasks trom each of the three conditions. Random assignment of specific tasks
to conditions was made with the restriction that at each grade level each task
was administered under each condition an equal number of, times. A-second re-
striction was that the first two tasks administered to each child were among
the least difficult tasks included in the study. The relative difficulty of
tasks was determined by the pilot study. In determining relative difficulty
. fo the tasks, transformation performance on logical tasks in the pilot study .

was considered. Tasks which were transformed the greatest proportion of the
,time were considered least difficult. . o
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- Ten children. at each grade level received their first task in the
static one-state condition, 10 recefved their first task in the logical .-
two-state condition, and 10 received their first task in the illogical
two-state-condition. Regardless of the initial task condition, all chil--
dren received a static condition task second. . The reason for this ordey-

ing was to determine whether performance on the static tdsk could be affect

ted by the condition 6f -the initial task encountered by children. It was
expected that'if logical two-state tasks have a "cueing" effect, transfor-
mations should be made more often on static- tasks following the logical
two-state thap those following the other two conditions. The condition
‘order of the remaining tasks was such that each condition followed each
type of condition approximately the same number of times. That is, static
~ follaped static, static followed logical; static followed fogical, static
.".followed i)fogical, etc., approximately the same number of times at ‘each
age level. . ’ . . T o

. ' . . . <
[ . I 4 LA ‘v
. B .

. A poster board, like the gpe-shbwpﬂiﬁ’Figurb°1; having® three -Jines
. but depicting nd states’ was presented to the child with the following ver-
bal® instructions: ’ o . L

"For each of the following.tasks; I'm going to show you a board .
“just like this ane. » A1l of the boards will have three lines just
liké the'one in front of you. But, on some of the boards I will-
have already built something on the first and on-the middle lines.
On other boards,-I will have already built something on only the
middle line. After looking at what 1 built, I will ask you to

build something on the empty line or Tineg that goes best with -
what I have already built. On every board the state on the line

-+ #1 comes first, on line #2 comes second, and on line #3 comes last."

" "The 15 poster boards were then presented one at a time, correspending

to the 15 different tasks. . After each, the child was asked 'tg construct the
state(s) that .“go best" with the one(s) already depicted. In each instance,
the numerical order of the states was:-emphasized:’ On cach of the two-state
condition tasks children were told: '

vt b

"] built this one (pointing to line #1) first, then I built this

~ one (ﬁointing to line #2), which follows next after the one I built
on Yine #1. .Now, you build one that goes best last after these two.
that I built." ' : ‘ o o

L T N | T

On each of the one-staté’cdndition tasks children were told:

, Y
"I built this one (pointing to line #2) that goes in the middle.
Now, you build ofe.here (pointigg to line #1) that goes first,-
before the one I built. And, build*one here (pointing to line #3)
that goes best last, after the one I built.” S

After-the child's constructions on each board were completed, he was asked

to explain yhy the states he constructed "went best" with the states already
depicted. :

% 20 2R3 | '
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~ Children's constructions on the processing phase of the experiment®
were scored as "transformational or mon transformational” by three inde-
pendent raters. Inter-rater reliability was 96.8%. .Constructions scored
transformational continued the same. action ‘throughout all the states of a
~given task. When no.on-going action was implied by a child's construction,
‘i3 was scored non-transformational. Constructions scored.transformational
which also encompassed all relévant aspects of the state(s) presemted were
recorded as strict tran ormatidns. ‘Constructions scored transformational.
which did not take.’into axcount a-1 relevant aspects of the state(s) pre-.
ndeed depicting a transformation, were recorded as loose trans- . .

formations. Figure 2 is an accurate,example of the differences between = =
these two. Constructions that were strict transformational depicted Sizﬁ o
as well as numerical progression from #1 to state #3. 'Loose transformational
constructions depicted. only-a numerical progression and ignored the equally .
relevant increase in size from state #1 to state #3. The need for this-dual
scoring presented itself when some of -the transformational constructions pro-
duced by the children were transformations by definition but: were not the’
transformations the states presented ipould have elicited. Therefore, each
child was assigned two scores, one reflecting his number of "strict trans- .
formational" performances.: : : o

‘ Immediately following the proces\ing phase was the short-term memory
-phase of the study. Following the same, order of presentation as in the pro- -
cessing phase, each task was represented to-the child but with this modi-
fication:- the child was given the statels) he constructed durina the pro--
cessi?g phase of the study and asked to produce the experimenter-constructed
state(s). T

[

‘The finat portion of the studyfwas the 1ongFtefm m%moky'phase.“ A1Y pro-
cedures were identical to the short-term memory phase, éxcept they took place
one week later. = ) S ' T o

Memory, like Performance, was' also scored in a dual fashion. Strict .

transformational memory performance was scored "correct" if all states pre-

nted to the child within the confines of &given task (one state on the
gtatic one-state and two states on the two-state conditions) were-accurately
‘reproduced on tasks on which children made strict transformations. Memory
performance wa$ scored "correct” on tasks on which children made "loose trans-
formations" if all states presented to the subject within the confines of .a
given task were accurately reproduced regarding the aspects of the stimuli

encompassed in the transformation. “Figure 3 gives examples of responses . .
scored "correct" for eath of the two transformational categories. Since strict

“transformations encompassed all aspects of the stimuli, all aspects must be .
reproduced for a correct score on the memory phase. However, loose transfor-
mational responses included only the numerigal aspect of the stimuli. There-
fore, only those aspects of the stimuli impMed by the transformation, i.e.,
the number presented in each of the states must be reproduced for a correct,
score on the memory phase. . ’ ' : :
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Thesstudy revealed a signifi ant_ difference in transforming performance
by first and fourth graders. More fourth graders -than first graders. predom-

* inantly’ used .transforming strategies on static and logical tasks. Also, fourth
graders transformed a greater ‘numbér of tasks than first graders. This was/ex-
pected sihce according to Pidget, children at these two ages are functionizg at
two different cognitive levels. Finst graders tend to function at the contrete

- erational level while fourth.graders tend to function at the Yformal operation-

. -al level. = » ‘ { . o o ’ .

. A signiticant conditiod effect was also apparent. Children at-both grades -
. . made_ significantly more transformatidns on logical than on static tasks and sig-~
S e nificantly more transformations ‘on 'static than on illogical tasks. This was in
EERE accord with' the results of research. conducted by Kreutzer, Leonard, and Flavell
. (1975) ‘and by Brown and Barclay (1976) hich indicated that children are often ‘

o capable of utilizing processing strateg es which they'do not spontaneously employ.

T The "cue" inherently implied in the logical tasks induced the children to employ

' . transforming strategies that théy did not use spontarieously on static tasks. -
 This accounts for'the significantly, greater number of transformed Togical tasks

as compared to the static. -, R : : o .

B
Cuing affected transforming performarce in both first and fourth graders.
. . However, fourth graders tended to benefit more by the "cue" implied on Jogical

/ “tasks. Fourth graders used more transforming strategies on logical than on sta-

I .tic tasks. This sigpificant difference was not apparent in first graders. This

indicates (@t cueing was more effective fdr fourth graders than for first grad-
, ers. Perhaps it is ggtause they were more lable to perceive the implied cue since

N they were more develo\mentally advanced. o - ) ‘

‘When children were not able to transfoym, the strategies empl8yed by both *vg
grades were very diverse.’ First and fourth|graders both sought to construct
states which were in some way related to the states presented to them for each
task such as changes in the orientation or in the parts which made up the states
involved or some gombination of the states presented. No differences were appar-
ent between the type of responses given by the children in the different grade
levels. 3 o s, « - T B

Comparisons.of memory performance revealed that fourth graders remembered
gignificantly more tasks than: first graders.  Upon'closer inspection, however,
it was determined that memdry differences existed only on tasks which could be
transformed, i.e., logical and static tasks.. On illogical tasks (those which

~ did not permit. the use of transforming strategies).no memory differences between
_ first and fourth graders were revealed. Fourth graders made significantly more
 transformations than first graders, ‘and they remembered a.greater number of tasks
but only in conditions-where transformations were possible. This offers direct
support for the hypothesis that transforming as a strategy increases memory of
individual states. Further, when the initial processing strategy was controlled
(transforming versus non-transforming) no condition differences between the
memory of static and of logical tasks by first or, fourth grade children were re-
~vealed. Since the amount of figurative information to be remembered in these
two conditions was not equivalent, this finding also supports the hypothesis
that transforming is a strategy that.increases memory performancel
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~~ Clearly, transforming as a strategy has a significant memory effect. .
 However, this study also indicated some other factors which affected memory
" - performance. There was a difference between long and ‘short term memory per- -
! formance for first graders on trangformed tasks. This difference was not
revealed in fourth grade memory performance. Therb,qu also a djfference be-
tween first and fourth graders long term memory scores on transformed: tasks.
. Both of these differences might be explained by the fact that there was very-

[ittie variability in transformation scores of first graders, Who quite often. -

~ made only ope transformation. Lo *
R i . i ‘ - -

A ' s

vy“*ﬁﬁgA]§%; shoft term memory performance of. first and fourth graders differed
- %ignificantlylon non-transformed tasks. This difference can be attributed to.
the amount of information to be remembered. Appafbnt]y.‘fourth.grade%s are |
~ capable of remembering, for a short period of time and without the-aid of trans-
forming sfrategies, the amount of figurative information presented. ‘Without
using transforming strategies, this same amount of figurative information dan-
not be retained by firstsgraders. Consequently, a difference in short term mem-
ory of non-transformed tasks between the two grades was revealed. This dif-

e

_ ference did not exist. in- long ‘term memory performance because memory of figura-

tive information when transforming strategies was not involved was not long
lasting. S - ; w, e %R .-

Explaining why .a particular response, vas appropriate also signiftcantly
affected memory performance. Both first and fourth graders remembered signifi-
cantly more non-transformed tasks that were explained.than non-trafsformed tasks
that were not explained. When the effects of explaining were compared to the
effects of transformipg, however, it was reveaxled that explainingwas not
clearly as effective as transforming. Non-explained ;ransformed tasks were _
remembered significantly more often than explained non-transformed t sks. Thus,

 transforming as a strategy is more effective than the strategy of explaining. *

Memory appears to be influenced not predominantly by the bulk. of the - '
material to be remembered but by the manner in which the individual relates
the matérial, i.e.; the processing $trategy he is able to utilize in connec-
tion with the material. Age is a factor,which influences both the processing
strategies available to the individual and the ability to remember an abso- -~
lute amount of material. However, at any age some transformational strategies
are available, and when they are employed, the amount of figurative material
that must be remembered is in some way lessened. Further research in this
area woyld.prove #peficial to today's educational] system. Finding methods

#  to utilize transforming strategies within the realms of education should
* . lead to faster and longer lasting acquisitions of knowledge.

[ ]
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4Ié$k5’in‘5tatic.C0ndf'§on :

Task 1. --Fa111ng St1cks (craft st1cks, one c-]ored rea & blue and oneir:
: co]ored orange & green) o :

oot
~

\“iﬂ'

Task 4 - Craw11ng Sna115 (red c1rc1es w1th b]ue sna1ls, arrows 1nd1cate : ={ 3
d1rect1pn sna11 is’ fac1ng) S L o

w
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Soan
~
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, Af@s (yellow_bipeléléaners)_"

X Taék;]

: | _0. [[:j

.SIidingsSauakeSQ(brangé'& purgle squares)’

1:)

Task 8
~ the out11ne of a c1rc1e)

b3 :

C1rc1e Locat1on (sma]] red green & b]ue c1rc1es p]aced around

s
SRR tr1ang es)

C]ass 1nc1us1on (green red & ye]]ow co]ored c1rc1es, squares




©.* Task 11 - Rotating.SqUaresf(pipk & 'blue squares with yellow pivots)
. ) 4 - - ’ '

". : | | .A .._,”:...t. . ' Q?‘.l .A -. .' .. v-F.A

5'_J Task 12 = Paper Fo]d1ng (sheet Qf wh1te paper 81/2 by 11 1nches) - _f_

A Bzfmm !
Task 13 - Rotat1ng Cube (each of the six s1des of the cube pa1nted a

%Qﬁferent co]or)

o | o E?ozj‘?f-.' o

L Task 14 - Peg Board (red pegs, b]ue pe953'and‘a'rUbber7bahd).}f
~ Task 15 - Clay (blue clay)

£

.o Top--The S0 des1gnated part of the f1gure lies on top at the po1nt of
C 1ntersect1Jn ‘ :
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Y APPENDIX IT
_Tasks in Logical Condition

-

Task 1 - Fa111ng St1cks (craft st1cks, one colored red & bJue and one
. -v} .. colored orangei& greeﬁ)

D V% L
o Rife /"‘

g

- Task 2 -,Size3ProgreSsiOn‘(pink strips'made out of construction paper)_

HBC | pBC‘D “

' TaSk 3 - Running People (orange & green running f1gunes, arrows indicate

the direction f1gures are fac1ng)

A

Task 4 - Crawling Sna1ls (red circles with blue sna1ls, arrows 1nd1cate
o d1rect1on snail ‘is fac1ng)

=~

?§§k 5 - Figure Completion (red strips made out of éonstruction.pgper)v

- .
) - . —
[ . . Vo s . v’

0




" Task 6 - Arcs (yellow pipe cleaners)

/’\ ) g » _ .

 Task 7 -.S]iding Squares” (orange & purp]eusquare§ &‘triangles)

] -

—~

Task 8 - Circle Locat1on (sma]] red green % blue c1rc1es p]aced around
the outline of a circ e)

-

— _

: Task 9 - Class Inclus1on (green red & yel]ow colored c1rc1es, squares, d”fwr

tr1ang]es)

Glo ' ol R
6 iR ... Glo : o . '
oA T4 - .csntif___-l | S

L«

Task 10- Rotating Triangles’(ye]]ow & green triangles and blue pivots) .
. . ) .

: ,_é; o - | - - o
Y;;g? Y[§FJC% o ; | i | "\_.

Task 11- Rotating Squares (p1nk & blue 'squares with ye11ow p1vots)
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Task 12 Paper Folding (sheet of wh1te paper 8 1/2 by 11 1nches)
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Task 13- Rotating Cube (each of the six s1des of the cube pa1nted a
d1fferent color) - _ .
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Tesk 15'7C1ayfkblue clay)
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* Top--The so designated part of the f1gure lies on. top at the po1nt of. /
1ntersection
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APPENDIX 111

~ Tasks in I11ogical Conditipn

Task 1 - Fa111ng Sticks (craft sticks, one co]ored red & blue and one
. colored orange & green)
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_& Task 2 - Size Progre5f1on (pink strips made out of construction paper) v
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Task 3 - Runn1ng People (orange & green running fugures, arrwos 1nd1cate
V~~rw4WM——w-ﬂthe direction figures are fac1ng) ,
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Task 4 - Craw]1ng Snai]s (red circles with blue snails, arrows 1nd1cate
d1rect10n snai] 15’_%§gng)

¢

Task 5}- Fiéure Completion (red strips made out of construction péper)
) . . , P » ~ .
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. “Task 6 - Arcs (yellow pipe cleaners) . = . | . -
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Task 7 - Sliding Squafes (orange & pu;ple-squares)

. . orpf Bo I

o
ey ey,
Task 8 - Circle Location (samll rég,'gregn & dlue circles p]qud around

the outline of a circle) . A
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Tasky - Class Inclusion (gkeen, red & ye]low colored éirc]es, squares

—

& triangles) . :
: . v N R
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- Task 10~ Rotating Trianglesiiyellow & gréen triangleé and blue p1votsf
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'_Task.lz Q,baper Fo]ding'(sheet of white'paper;S*l/Z'byj]] fnché&)

P

Rotating Cube (each of the Six sides of the cube’ pa1nted a d'”;r: "

Task 13 -
~ different co]or) )
Task 14 - Peg Board (ned pegs, b]ue pegs. and a. rubber. band)
| T : ' J"4-3 '
T RO R e
LR RS B | | | |
" ‘-‘4 - qb’ . q ,4' ’

Task 15 - Clay (blue clay) -

&

' ]
* Top -The so designated pant of the figure lies_on top at-the point
of intersection. o | ¢
»
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